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(54) FRICTION WELDING METHOD FOR DIFFERENT MATERIAL 

(57)Abstract: 

PURPOSE: To obtain a joint material of high 
reliability by making the diameter of a material 
having larger coefficient of thermal expansion 
larger, providing the conical recessed part at 
the tip of the large diameter side and the same 
shaped projection part at the tip of the small 
diameter side and executing friction welding. 
CONSTITUTION: Truncated-cone-shaped 
joining faces are composed by respectively 
working the truncated-cone-shaped recessed 
and projected parts at the tips of members to 
be joined, generating frictional heat in those 
parts and executing upset pressurizing in the 
axial direction. The truncated-cone-shaped 
recessed part larger than that of the other member is provided on the member of 
larger coefficient of thermal expansion of both members. In these ways, compressive 
stress is loaded on the slant face of the joining face in cooling process after friction 
welding and joining strength is increased. Further, since joining face wider than a 
conventional flat joint face is provided, the joining strength is increased in proportion 
to the increment of area. 
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[Claim(s)] 

[Claim 1] The friction welding method of the contaminant characterized by facing 
carrying out friction welding of the contaminant from which material properties, such 
as a coefficient of thermal expansion and high temperature strength, differ, making the 
diameter of an ingredient with a big coefficient of thermal expansion larger than the 
diameter of other ingredients joined to this, and establishing the depression of a cone 
form at the tip by the side of a major diameter, preparing the heights of the same 
configuration as the above-mentioned depression at the tip by the side of a minor 
diameter, and carrying out friction welding of both the ingredients. 

[Claim 2] The friction welding method of the contaminant according to claim 1 
characterized by coming to prepare a slot in the slant face of the depression of the cone 
form at the tip by the side of a major diameter. 
[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to this method of being suitable for 
manufacture of the transition joint components applied to piping of the fuel tank carried 
in various kinds of transition joint components, especially a scientific satellite, etc. 
about the friction welding method of a contaminant. 
[0002] 

[Description of the Prior Art] Conventionally, as shown in drawing 6 , the friction 
welding of a tubing-like transition joint has held the contaminant (A, B) of the diameter 
of said from which a material property differs by the chuck of pressure-welding 
equipment, heated cylindrical or the part which should be made to rotate one side and 
should be joined with friction energy, carried out upsetting pressurization with the 
welding pressure (P) of shaft orientations, and was performed. Therefore, A material 
and B material of the diameter of said are joined, and the shaft-orientations cross 
section after junction presents the situation that the amount and configuration of weld 
flash differed from each other according to each material strength, as shown in drawing 
7 . In such a conventional joint, generating of the residual stress produced according to 
the difference in the material property of both members (A, B) and the fall of the joint 
reinforcement accompanying this pose a problem most. 

[0003] That is, if a coefficient of thermal expansion differs from high temperature 
strength sharply in many cases and friction welding is simply performed by the 
conventional approach in such a case, in both junction interface, residual stress 
(shearing stress) (tau) as shown in drawing 8 will generate especially a contaminant. 
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Drawing 8 sets the zero of an axis of coordinates in the axial center of a junction 
interface, and it is what showed distribution of the shearing stress (tau) to radial [ of a 
member ], shearing stress (tau) increases in secondary function on the surface of a 
member, and even when this does not have crack generating and crack generating after 
a pressure welding, it becomes causes, such as a fall of joint reinforcement. 
[0004] 

[Problem(s) to be Solved by the Invention] As clarified for the preceding clause, when 
friction welding was performed for the contaminant from which a material property 
differs in the condition that a plane of composition is flat, with the diameter of said, the 
high stress which is going to destroy a junction interface occurred, it became loam 
Lycium chinense about crack generating or the fall of joint reinforcement, and there was 
a fault that reliable joint material was not obtained. 

[0005] In view of the above-mentioned technical level, this invention tends to cancel the 
fault of a conventional method and tends to offer the friction welding method of a 
contaminant for the ability to obtain reliable joint material. 
[0006] 

[Means for Solving the Problem] This invention is the friction welding method of the 
contaminant characterized by facing carrying out friction welding of the contaminant 
from which material properties, such as (1) coefficient of thermal expansion and high 
temperature strength, differ, making the diameter of an ingredient with a big coefficient 
of thermal expansion larger than the diameter of other ingredients joined to this, and 
establishing the depression of a cone form at the tip by the side of a major diameter, 
preparing the heights of the same configuration as the above-mentioned depression at 
the tip by the side of a minor diameter, and carrying out friction welding of both the 
ingredients. 

[0007]. (2) It is the friction welding method of the contaminant of the above-mentioned 
(1) publication characterized by coming to prepare a slot in the slant face of the 
depression of the cone form at the tip by the side of a major diameter. 
[0008] Namely, originally, although it is the joint member of the diameter of said, the 
first of this invention In order to cancel the high shearing stress generated in a junction 
interface and to give compressive residual stress to a junction interface The diameter of 
a member with a large coefficient of thermal expansion is made larger than the 
diameter of another member joined to this. (Making it preferably about 1.5 or more 
times) And it is that a joint is not flat, process a truncated-cone-like depression at the 
tip by the side of a major diameter, the tip by the side of another minor diameter 
prepares the heights of the same configuration as the above-mentioned depression, and 
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both formed the friction surface. Although the diameter of said is also possible for this 
configuration, since the heat capacity of the periphery of a member which has the 
depression section is small, it is overheated previously, it softens and joining becomes 
inadequate, the diameter of a member with the large coefficient of thermal expansion 
which has the depression section is enlarged. 

[0009] Moreover, the second of this invention establishes the slot of a wedge or a 
hemicycle in the slant face (inclination part) of a truncated-cone-like depression, by 
friction welding, the above-mentioned slot is made to consume another member, a 
pressure welding is completed, and it makes it possible to increase bonding strength 
according to the so-called anchor effect. As for each junction interface, compressive 
stress remains. 
[0010] 

[Function] processing truncated-cone-like a crevice and heights at the tip of the member 
which should be joined, respectively, making this section generate heat by friction, 
carrying out upsetting pressurization from shaft orientations, and making a 
truncated-cone-like junction interface constitute - moreover, by establishing a 
truncated-cone-like crevice in the member with a large coefficient of thermal expansion 
among both members, the load of the compressive stress is carried out to the slant face 
of a plane of composition by the cooling process after friction welding, and bonding 
strength increases. Furthermore, since it has a large plane of composition, bonding 
strength can be made to increase from the conventional flat joint side in proportion to 
the increment of area. 

[0011] On the other hand, increase and the so-called anchor effect of a 
plane-of-composition product are further expectable by processing the slot of the shape 
of a wedge or a semicircle on the slant face of a truncated-cone-like crevice. Thus, 
according to this invention, manufacture of the components which the friction welding 
of the transition joint made quite difficult becomes possible, and have a reliable joint 
can be performed. 

[0012] That is, this invention is having considered as the joint structure of using a 
different material property positively and utilizing the residual stress to generate for 
increase of joint reinforcement, and the most serves as compressive stress of a junction 
interface, and it is made for the shearing stress of the junction interface generated with 
the conventional method to act effectively to joint reinforcement in this invention. 
[0013] 

[Example] Drawing 1 explains one example of this invention, and the description and 
effectiveness of this invention are clarified. In drawing 1 , Members A and B are 



4 



ingredients different, respectively, and explain SUS material and Ti alloy as an example. 
In SUS304 material and Ti-6aluminum - 4V material, since the coefficient of thermal 
expansion is [ the SUS304 material ] larger compared with Ti-6aluminum - 4V material, 
in A material, SUS304 and B material serve as Ti-6aluminum - 4V alloy, in this case, 
the relation between the diameter (DA) of A material, and the diameter (DB) of B 
material -- DA>=1.5DB -- carrying out is desirable. It is DA which is made such relation. 
If it enlarges not much, an ingredient will become useless, and it is DA. It is because it 
will be overheated previously, the outside of A material will soften, upsetting 
pressurization will stop acting effectively and joining will be easy to become inadequate, 
if it is made small. Therefore, in order to lessen futility of an ingredient and to obtain 
high bonding strength, it is DA =1.5DB. It is the most suitable. On the other hand, 
processing will become difficult, if the depth (dA) of a depression is also not much deep 
and it carries out. Therefore, they are dA =1/2DB in practice. It can be said that extent 
is the most suitable. 

[0014] It shows other examples of this invention, and further, drawing 2 forms the slot 1 
of the shape of a wedge shape or a semicircle, and the plane of composition shown at 
drawing 3 according to the upsetting force of generation of heat by friction and shaft 
orientations is formed, and it adds the wedge effectiveness to the compressive stress by 
which a load is carried out at a plane of composition in the inclined plane of the 
depression of the shape of a truncated cone processed into A material. In addition, two 
show the weld flash of B material among drawing 3 . 

[0015] Drawing 4 was what showed the radial stress distribution of the friction welding 
section checked according to the example of this invention, the stress is remarkably 
high and the reliable joint was obtained as compressive stress remained in the junction 
interface altogether, especially it went outside. 

[0016] Drawing 5 is a microphotography (one 5 times the scale factor of this) in which 
the metal texture of the pressure-welding cross section just behind friction welding is 
shown, and it turns out that the contaminant has joined completely by the friction 
welding method of this invention. According to the example of this invention, the 
reinforcement of a joint (joint) was more than base material reinforcement. 
[0017] 

[Effect of the Invention] It not only made possible conventionally friction welding of the 
contaminant by which junction was made very difficult, but according to this invention, 
it can obtain high joint reinforcement. 
[Brief Description of the Drawings] 

[Drawing 1] The explanatory view of one example of this invention. 
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[Drawing 2] The explanatory view of other examples of this invention. 
[Drawing 3] The explanatory view of the joint by the example shown in drawing 2 . 
[Drawing 4] The graph showing the stress distribution which remains to the transition 
joint of this invention. 

[Drawing 5] The microphotography in which the metal texture of an example of the joint 
joined by the approach of this invention is shown. 

[Drawing 6] The conventional friction conjugation method is an explanatory view [ like ] 
1 voice. 

[Drawing 7] The explanatory view of the longitudinal direction of the joint obtained by 
the conventional friction conjugation method. 

[Drawing 8] The graph showing the stress distribution which remains to the transition 
joint obtained by the conventional friction conjugation method. 
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